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ILHOG LV YHU\ FRPSOH[ DQG LW FRQVLVWV RI IORZ VHSDUDWLRQ UHFLUFXODWLRQ UHDWWDFKPHQWV HWF $OO WKHVH IHDWXUHV DUH
DIIHFWHGE\WKHSDUDPHWHUVVXFKDVH[SDQVLRQUDWLRLQOHWYHORFLW\WHPSHUDWXUHLQOHWWXUEXOHQFHHWF7KHREMHFWLYHRI
WKH SUHVHQW LQYHVWLJDWLRQ LV WR LQYHVWLJDWH WKH HIIHFW RI LQOHW FHQWHUOLQH WXUEXOHQFH RQ UHFLUFXODWLRQ ]RQH $ EULHI
UHYLHZRQWKRVHFKDUDFWHULVWLFVKDVEHHQVXPPDUL]HG
$UPDO\et al >@LQYHVWLJDWHDERXWWKHGHSHQGHQFHRIWKHUHDWWDFKPHQWOHQJWKRQWKH5H\QROGVQXPEHU%DFNDQG
5RVFKNH >@ .UDOO DQG 6SDUURZ >@ H[SODLQHG UHFLUFXODWLRQ RQ WKH EDVLV RI FHQWHUOLQH WXUEXOHQFH ,Q WKHLU
H[SHULPHQWVWKH\KDYHVKRZQWKDWWKHVKHDUOD\HUSUHVHQWEHWZHHQWKHFHQWUDOMHWDQGWKHUHYHUVHIORZUHJLRQDORQJ
WKH GRZQVWUHDP ZDOO EHKDYH GLIIHUHQWO\ LQ YDULRXV IORZ UHJLPHV 'DJWHNLQ DQG 8QVDO >@ IRXQG WKDW QRQ
GLPHQVLRQDOL]HGUHDWWDFKPHQWOHQJWKDQGRUGLQDWHRIWKHHGG\FHQWUHYDU\OLQHDUO\ZLWKWKH eR 'XUUHWWHWDO>@DQG
<DQJ DQG <X >@ VKRZHG WKDW YDULDWLRQ RI HL
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7KHSUHVHQWVWXG\LVDQDO\VHVWRQXPHULFDODQDO\VLVRIWKHWXUEXOHQWIOXLGIORZWKURXJKDQD[LV\PPHWULFVXGGHQ
H[SDQVLRQZLWKYDULDWLRQRIWXUEXOHQWLQWHQVLW\DWWKHLQOHWKDVEHHQFDUULHGRXWE\XVLQJPRGLILHG WXUEXOHQFH
PRGHO7KHFRQWUROYROXPH IRUPXODWLRQRI3DWDQNDU >@ZLWKSRZHU ODZVFKHPH LQDQRQXQLIRUPJULGKDVEHHQ
DGRSWHG IRU WKH VROXWLRQRI WKHDERYHPHQWLRQHG HTXDWLRQV7KH UHVXOWVKDYHEHHQ FRPSDUHGZLWK WKHEHQFKPDUN
VROXWLRQSHUWDLQLQJ WR WKHH[SHULPHQWDO LQYHVWLJDWLRQVDQG WKHPDWFKLQJZDVH[FHOOHQWFRQILUPLQJ WKHVWDELOLW\DQG
GHSHQGHQFHRIWKHSUHVHQWPHWKRGRORJ\WRVROYHWKHWXUEXOHQWIORZWKURXJKDVXGGHQH[SDQVLRQ
*HRPHWULFDO'HVFULSWLRQ


)LJ1RPHQFODWXUHRIWKH*HRPHWU\

,QWKH)LJWKHJHRPHWU\RIWKHSUREOHPKDVEHHQVKRZQ7KHLQOHWXQLIRUPIORZYHORFLW\LV inU 
*RYHUQLQJHTXDWLRQ
3.1 Continuity Equation: 
                 
3.2 Axial component (x-component): 
       

3.3 Radial component (r-component): 
      
            
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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3.4. Modified PC
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PRGLI\LQJWKHPRGHOFRQVWDQW PC IRUWKHHVWLPDWLRQRIWKHHGG\YLVFRVLW\7KHPRGLILFDWLRQLVVKRZQEHORZ
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3.5. Turbulence  Model 
3.5.1 Equation
 
:KHUH*LVJLYHQE\
 
͵ǤͷǤʹࢿ- Equation 
       
7KH IROORZLQJ DUH WKH YDOXHV RI WKH HPSLULFDO FRQVWDQWV JLYHQ LQ VWDQGDUG Hk PRGHO DUH UHFRPPHQGHG E\
/DXQGHUDQG6SDOGLQJ>@

   
   

3.6. Boundary Condition
)RU SUHVHQW DQDO\VLV WKH ZRUNLQJ IOXLG LV DLU DW R& ZLWK GHQVLW\ WDNHQ DV ȡDLU    NJP YLVFRVLW\
lP  î
.JPV
x $WWKH,QOHW
L7KHLQOHWD[LDOYHORFLW\LVXQLIRUP
LL7XUEXOHQFHHQHUJ\DQGGLVVLSDWLRQUDWHDUHWDNHQDV
 DQG inU LVWKH,QOHWYHORFLW\
x $WWKH:DOO
1RVOLSFRQGLWLRQKDVEHHQWDNHQIRUYHORFLWLHVVRX Y 
$QG 
x $WWKH$[LV
=HURVKHDUVWUHVVFRQGLWLRQKDVEHHQWDNHQ
$OVR 
x $WWKH2XWOHW
)XOO\GHYHORSHGIORZFRQGLWLRQKDVEHHQWDNHQDWWKHRXWOHW
I VWDQGVIRUXYțİHWF
279 A. Mandal and S. Majumder /  Procedia Engineering  90 ( 2014 )  275 – 281 
6ROXWLRQ0HWKRG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9DOLGDWLRQ
)LJUHSUHVHQWWKHYDOLGDWLRQIRUWKHWXUEXOHQFHPRGHOXVHGLQWKHSUHVHQWZRUNXVLQJWKHH[SHULPHQWDOUHVXOWVRI
50& 6R >@ IRU LQYHVWLJDWLQJ UHDWWDFKPHQW OHQJWK GRZQVWUHDP RI DQ FLUFXODU FKDQQHO H[SDQVLRQ 7KH QRQ
GLPHQVLRQDOUHDWWDFKPHQWOHQJWKZLWK&HQWUHOLQHWXUEXOHQFHKDVEHHQVKRZQDQGFRPSDUHG7KHJRRGPDWFKLQJRI
WKHWZRUHVXOWVVLJQLILHVWKHSUHVHQWFRPSXWDWLRQDOVFKHPHDVDSSOLFDEOHIRUWKHWXUEXOHQWIOXLGIORZDQDO\VLVWKURXJK
DQD[LV\PPHWULFVXGGHQH[SDQVLRQGXFW


)LJ9DOLGDWLRQRIWKHSUHVHQWQXPHULFDOPHWKRG
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PUHVSHFWLYHO\+HUH([SDQVLRQUDWLR rE 7KHZRUNLQJIOXLGWDNHQDVDLUZLWKGHQVLW\ airU $[LDOLQOHWYHORFLW\LV
WDNHQDVPV7KHLQOHWYHORFLW\UHPDLQVFRQVWDQWWKURXJKRXWWKHDQDO\VLVSURFHVV7XUEXOHQWLQWHQVLW\YDULDWLRQ
LQFRUSRUDWHGLQWKHLQOHW7KHYDULDWLRQRILQWHQVLW\LH
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u
 FORVHGWRYDOXHRIWR
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OLQHDQGYHFWRUFRQWRXUSORWV7KHUHFLUFXODWLRQEXEEOHLVJHQHUDWHGLQWKHFRUQHURIWKHSDVVDJH)RUDORZHU
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FRQVWDQWLQOHWYHORFLW\DQGDVSHFWUDWLR
7KHERXQGDU\OD\HUGHYHORSHGRQWKHZDOOVRIWKHXSVWUHDPWXEHJHQHUDWHVDVHSDUDWLQJVKHDUOD\HUGRZQVWUHDP
RIWKHVXGGHQH[SDQVLRQ,QDVXGGHQH[SDQVLRQIORZWKLVVHSDUDWLQJVKHDUOD\HUJUHDWO\DIIHFWHGE\WKHFHQWUHOLQH
WXUEXOHQFH OHYHO7KH LQFUHDVHRIHQHUJL]HV WKH VHSDUDWLQJVKHDU OD\HUDQG WKXV WKH VKHDU OD\HU VSUHDG IDVWHU$VD
UHVXOWLWUHDWWDFKHVIDVWHUDQGJLYHVVKRUWHUUHDWWDFKPHQWOHQJWK7KHGHFUHDVHLQUHDWWDFKPHQWOHQJWKVLJQLILHVWKDW
WKHVL]HRIWKHUHFLUFXODWLRQEXEEOHGHFUHDVHV7KXVLWFDQEHVDLGWKDWZLWKWKHLQFUHDVHRIFHQWUHOLQHWXUEXOHQFHWKH
UHFLUFXODWLRQEXEEOHVL]HJHQHUDWHGDWWKHFRUQHURIWKHGXFWUHGXFHV
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)LJ6WUHDPOLQHFRQWRXUV


)LJ9HFWRUSORWV

)LJ  VKRZV WKH YDULDWLRQ RI D[LDO YHORFLW\ SURILOH IRU YDULRXV FHQWUHOLQH WXUEXOHQFHV )RU ORZHU FHQWUHOLQH
WXUEXOHQFH WKH YHORFLW\ SURILOH LV QRW IXOO\ GHYHORSHG ZKHUHDV LW EHFRPHV IXOO\ GHYHORSHG IRU KLJKHU FHQWUHOLQH
WXUEXOHQFH,WKDVEHHQVKRZQLQ)LJ WKDWZLWKWKHLQFUHDVHRIFHQWUHOLQHWXUEXOHQFHUHFLUFXODWLRQVL]HGHFUHDVHV
DQG WKXV WKH HIIHFW FDQ EH REVHUYHG DW WKH RXWOHWZKHUH WKH YHORFLW\ SURILOHV EHFRPHV IXOO\ GHYHORSHG IRU KLJKHU
YDOXHRIFHQWUHOLQHWXUEXOHQFH
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